I. Supplementary Methods: A. Sample preparation and characterization
The polycrystalline NdFeAsO 0.88 F 0.12 (Nd-1111) samples measured in the present work were synthesized by solid-state reaction at high temperatures and under high-pressure. Powders of NdAs (pre-sintered), Fe, Fe 2 O 3 , and FeF 2 were mixed together according to the nominal chemical stoichiometry of NdFeAsO 0.88 F 0.12 , ground thoroughly, and pressed into small pellets under inert gas atmosphere. The pellet was sealed in boron nitride crucibles and sintered in the graphite tube of the high-pressure synthesis apparatus. After the pressure was increased to 6 GPa, the temperature was increased to 1250 o C and maintained for two hours. The pressure was released after the sample fully cooled down. Details of the sample preparation can be found in the paper by Ren et al. [S1] . The Nd-1111 samples are characterized by a sharp normal-to-superconducting phase transition at ~46K, as demonstrated by the low-field magnetic susceptibility and dc-resistivity measurements shown in Fig. S1 . The susceptibility measurements were performed on a Quantum Design MPMS XL-1 system during the warm-up period under fixed magnetic field (1 Gauss) after zero-field cooling (ZFC) and field cooling (FC) process.
The global critical current density (J c ) at 5K is ~ 2000 A cm -2 [S2] , about two to three orders of magnitude lower than the intra-grain J c , very much like the cuprates [S3] . Furthermore, Ref. [S4] presents scanning SQUID microscopy evidence of the flux trapped in the grain boundaries. Many of the observed vortices are elongated along one SUPPLEMENTARY INFORMATION doi: 10.1038/nPHYS1531 -2 -axis (exceeding the resolution of 6 μm by a significant amount) and resolution-limited along the other axis, suggesting that the nature of the grain-boundary junctions in this material is similar to that in the polycrystalline cuprates.
A recent combined micro-structural and magneto-optical study on a polycrystalline sample of NdFeAsO 0.94 F 0.06 prepared under identical synthesis conditions has revealed that the Nd-1111 sample is an assembly of randomly oriented plate-shaped grains with an average size of ~ 7x2.8 μm 2 and a thickness of about 5 μm [S2] . Accordingly, supercurrent passes through tens to hundreds of grains to complete the circuit in the composite loop. Among the interfaces between grains, some are clean and well connected with a distribution of I c , while others contain impurity phases serving as flux pinning sites. While the supercurrent mostly flows through the clean grain boundaries, some of the inter-grain current paths are obstructed by such extrinsic defects. This non-uniform supercurrent flow distribution observed in Nd-1111 samples sets the stage for our flux quantization experiment described in this paper.
B. Fine calibration against the Nb-Nb composite loop
The exact value of the measured flux quanta in the Nb-NdFeAsO 0.88 F 0.12 loop is determined in two steps. First, we follow Ref. [S5] and use the current-sweep data in Fig. 2 for a rough estimate. Along the sloping section, the total magnetic flux threading through the loop remains constant. Therefore, the applied flux completely determines the induced flux. We obtain the nominal value of the induced flux at a given applied current using the measured coil diameter (1.6!0.1) mm and turn spacing (0.099!0.005) mm. The SQUID response to an induced flux of Φ 0 can then be read off from Fig. 2 . We note that besides the induced diamagnetic signal, a small background field from the toroidal coil also couples to the SQUID, giving rise to the residual slope in the readout. After accounting for this background coupling, we estimate the magnitude of the single flux-quantum jumps in Fig. 3 to be (1.15 ! 0.20) Φ 0 . The error-bar reflects the uncertainty in estimating the self-inductance of the toroidal coil. In reality, the measured signal variation of a flux quantum is much smaller (ñ !3%).
For a better calibration of the SQUID sensitivity, we replace the NdFeAsO 0.88 F 0.12 sample with a piece of pure Nb sample with similar dimensions and repeat the same set of experiments. Comparing the SQUID data of the Nb-Nb loop (see Figs. S2 and S3) with Figs. 2 and 3, we verify that the diamagnetic slope, the background pickup, and the signal corresponding to single flux-quantum jumps are consistent to within ~ !3%. Figure S2 plots the field-sweep data of the two different composite loops. The SQUID output of the Nb-Nb loop is plotted in blue, and that of the Nb-NdFeAsO 0.88 F 0.12 loop is plotted in red. The linear fits of the two datasets are consistent to within !3%. Therefore, given the same applied current, the SQUID readings of the induced flux and the background coupling are nearly identical. Figure S3 shows the flux state transitions of the two composite loops upon intermittent electromagnetic excitations. The two sets of data are overlaid for comparison without scaling. It clearly demonstrates that the flux jumps of the two loops are quantized in the same unit. After taking account of the slight differences in field-sweep slopes and averaging over multiple datasets, and knowing that a flux quantum in an all-Nb loop is exactly Φ 0 , we determine that the value of a single flux quantum jump in the Nb-NdFeAsO 0.88 F 0.12 loop to be ~ (1.02 ! 0.03  ) Φ 0 .
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C. Advantage of the composite-loop configuration
Our design has several key features. First of all, using point-contact junctions, we bypass the intricacy of making planar junctions on the 1111 Fe-pnictides which have proven to be extremely difficult to fabricate. Secondly, the spring-loaded mechanism allows us to vary the tunneling barrier in a controlled manner. This is crucial for observing single fluxon entry upon current ramping and EM excitations. More specifically, adjusting the contact strength through the spring-loaded screws enables the control of the junction critical current, which has been demonstrated as a reliable way to characterize the flux dynamics and the magnetic state transition behaviour of the composite superconducting loop. Lastly, it is very easy to exchange samples without altering the experimental condition and the background pickup. Thus, our experiment allows for very precise calibration of the SQUID output corresponding to single fluxquantum jumps via comparison against single fluxon entries in Nb-Nb composite loops.
D. Other technical details
a. The residual magnetic field is measured using a fluxgate magnetometer to be less than 50 μG at room temperature. With in situ degaussing, our setup is capable of achieving a residual field of 3-6 μG, as reported in Ref. [S6] . At 4.2K, the superconducting shield further suppresses the magnetic fluctuations arising from the mechanical displacement and thermal drifting between the sample box and the μ-metal shield. However, the vibrations and drifting inside the sample box cannot be shielded away and thus contribute to the residual noise and signal drifting in the data. c. The conversion factor for the Quantum Design SQUID is ~0.785 V per Φ 0 threaded through the SQUID. The SQUID voltage output per Φ 0 threaded through the composite loop is much smaller (~0.5 mV per Φ 0 ), and it varies sensitively with the placement of the pickup coil and the loop geometry. We have kept the experimental configuration as constant as possible when exchanging samples. The magnitude of the integrated magnetic noises, about !0.05Φ 0 threaded through the loop, can be read off directly from the voltmeter since the noise is dominated by the low-frequency 1/f component.
II. Supplementary Discussion: A. Unlikely alternative sources of the half-Integer jumps
Here we elucidate how other explanations of the observed half-integer jumps can be ruled out. -5 -signals that equal to two successive half-flux-quantum transitions. More importantly, when the Nd-1111 sample is replaced with a pure niobium sample, we never detect any half-flux-quantum transition signals in the resulting Nb/Nb loop using the same setup, no matter how we vary the junction critical current. Only integer jumps are observed. This null result definitely rules out flux trapping on the niobium wire.
We further note that trapping on the polycrystalline Nd-1111 sample can also be ruled out, since it is located far away from the pickup coil. Flux entry via an intermediate trap site on the sample would give rise to two successive highlyasymmetric unequal fractional jumps, instead of the observed succesive half-integer jumps.
b. Superconductor-Ferromagnet-Superconductor (SFS) junctions as a source of π-phase shift in the Nb / Nd-1111 loop: A combined microstructural and magnetooptical study [S2] of the current flow in polycrystalline Nd-1111 (almost identical to the samples used in this work and also in the study by Moler's group [S4] ) revealed that the impurity phases (amorphous FeAs phase or insulating Nd 2 O 3 ) are located mainly on the vertices or the void between superconducting grains, and some along the grain boundaries. The latest chemical analysis of a closely related Sm-1111 polycrystalline sample, using energy-dispersive X-ray spectroscopy, further reveals that the polycrystallites are surrounded by thin layers of antiferromagnetic Fe 2 As which form the junction barrier (see page 5 of Ref. [S7] ). In other words, the grain-boundary junctions between crystallites cannot be SFS junctions. Furthermore, to achieve a π-phase-shift across the junction demands a well-engineered SFS tri-layered structure that satisfies an exact combination of requirements on the ferromagnetic-layer thickness, exchange energy, and so on [S8] . Therefore, it is very unlikely that an incipient SFS junction can fortuitously form a π-junction and cause the observed half-flux-quantum jumps.
Regarding the sporadic contamination from the minute traces of paramagnetic/ferromagnetic impurities, such as Fe, (if exists) at the grain-boundaries, it is very unlikely that the tiny amount of isolated magnetic impurities if exists could cause a net π-flip scattering. Furthermore, we polish and thoroughly clean the surface of our sample with lint-free wipers and pure IPA/ethanol before making the Nb/Nd-1111 contacts. Trapping magnetic impurities at the contact interface for all three runs of experiments is also very unlikely. c. Fractionalization of magnetic flux in a multi-band superconductor: This scenario can be ruled out for the following reasons. First, the postulated fractional flux in a twoband superconductor can in theory take on any fraction of a flux quantum (see for example, Ref. [S9] .) It cannot explain why only the half-flux quantum jumps are observed in multiple experimental runs. Secondly, the fractionalized phases are unstable thermodynamically. In the low-temperature limit, fractional vortices are always confined in bulk samples [S10] . This implies that only ordinary integer flux quanta can be observed if there is no sign change in the superconducting order parameter, as demonstrated by the null results in the two-band superconductor MgB 2 .
In summary, the observed half-integer flux-quantum effect is not an experimental artifact, nor can it be attributed to contaminations. Therefore, the most natural explanation of the half-integer jumps is the sign change in the Nd-1111 order parameter.
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B. Absence of paramagnetic Meissner effect in an s!-wave superconductor
Here we explain why the absence of paramagnetic Meissner signals in scanning SQUID microscopy [S4] is consistent with our conclusion of s!-wave pairing symmetry.
In contrast to the case of d-wave cuprates, the probability of encountering a π-phase-shifted grain-boundary junction in a polycrystalline sample is extremely small for an s! superconductor with the band structure of Nd-1111, as pointed out in Ref. [S11] . Consequently, the probability of finding a spontaneous half flux quantum is slim, and the resulting paramagnetic Meissner signal may be below the sensitivity of scanning SQUID microscopy, consistent with the result of Ref. [S4] .
On the other hand, the Nb/Nd-1111 interface in our setup provides a second venue for the formation of π phase shift [S12, S13] originating from the intrinsic sign change in s! pairing. This gives rise to the observed half-flux-quantum effect in our experiment that cannot be directly accessed by the scanning SQUID microscopy measurements [S4] .
